Consensus is an important measure for the success of any business process modeling effort. Although intensively studied in the general literature on group processes, consensus has hardly been considered in business process modeling and never seriously measured. We define consensus as the level of agreement of group members' views on the process and introduce business process similarity as a proxy. We validate the measure by comparing it to an existing self-reported measure of consensus.
Introduction
The literature on business process modeling is vast and the importance of measuring the success of process modeling projects and sessions has been widely recognized [1] [2] [3] [4] [5] [6] . But prevalent success measures for individual modeling sessions primarily involve some form of model quality measure [7] [8] [9] [10] . While it is undisputed that the quality of a business process model is relevant to modeling success it is not the only and perhaps not even the most important success factor. The reason for this is twofold: the process model itself is a social construction, and its purpose is again to support some social process, e.g. a change project or system development project. In other words: the model documents the results of one social process (modeling) and serves as a point of departure for another one.
If the model were to be processed by a computer its quality would be of prime importance to ensure correct interpretation by the machine. But the results that are documented in the model are primarily the mutual knowledge that has been developed in the modeling session, the conflicts that had to be solved on the way, and the consensus that has been achieved among the group members as a result.
It is precisely this consensus that is a prerequisite for people's commitment to the ensuing change project, for example. Often a poor model with high consensus goes further than a good model with little consensus. Hence consensus is a major result that needs to be achieved in business process modeling sessions much like in many other forms of group work.
But while there is considerable research on consensus in other areas [11] [12] [13] the topic received little attention in business process modeling with researchers barely mentioning the issue [14] [15] [16] [17] and, to the best of our knowledge, not researching it in a systematic way, let alone measuring consensus.
The purpose of this paper is to develop such a measure. To do so we first define the concept of consensus in the next section, Group consensus in process modeling. For this purpose we rely on cognitive theories of modeling.
Based on the cognitive concept of a view and the model as its externalization we can interpret consensus as "view agreement" and hence as "model similarity". The section Business process model similarity therefore introduces a measure for the latter.
A proper evaluation of a new measure typically establishes validity by comparison to an existing measure of the same concept. The section Other group consensus measures therefore introduces an established measure for group consensus. The actual validation of the new measure was done in field experiments. The set-up of these experiments is described in the section Comparing model similarity and consensus in field experiments.
The section Data analysis reports on the analysis of the data that we collected in the experiments. The results and implications of this analysis are treated in the section Discussion. The paper concludes with a summary of the findings and an outlook on future work.
Group Consensus in Process Modeling
Group modeling is a cognitive as well as a group process. We therefore define group consensus in business process modeling as the extent to which the group members' views on the process agree with each other. The problem with this definition is that the views that are entertained by the group members are not directly accessible so the measure of consensus needs to be based on some external representation of these views. For this purpose we need to resort to the cognitive theory on the modeling process. The foundations for our understanding of model cognition were laid by Johnson-Laird [18, 19] who introduced the idea of so-called mental models that the mind constructs when it imagines a situation. A mental model consists of a mental system of relations that has a structure similar to the system that is imagined.
When the mind engages in the process of deduction it performs the following three steps: comprehension, description, and validation. [20] found that the individual part of the modeling process can be described well in terms of Johnson-Laird's deduction. For our purposes the relevant step is that of description, which proceeds as follows:
1. Build mental model 2. Extract view from mental model 3. Transcribe view to visualization 4. Conduct within-model testing 5. If any test fails, go back to step 2 or 3, possibly modifying the mental model In short: mental models are stored in long-term memory but not directly accessible; to work on them the mind needs to create views in working memory that correspond to these mental models. If the work on the views becomes too complex, which is often the case for modeling, external representations have to be created in order to extend the internal working memory. These external representations are called visualizations and in business process modeling they typically take the form of process diagrams.
We now come back to the original problem: if group consensus in modeling is the mutual agreement of the views (and thereby of the underlying mental models), then consensus can be measured also in terms of the agreement of the visualizations of the views, which correspond to the views.
So comparing the views of the group members can be replaced by comparing the externalizations of these views, i.e. the business process models. If we want to assess the degree to which two people agree on their views on a process we need to assess how similar the business process models are that visualize their views.
Business Process Model Similarity
Measures for business process model similarity have been investigated thoroughly [21] [22] [23] [24] [25] [26] . A comprehensive overview can be found in [24] . We use the measure suggested in [24] because it covers most prevalent modeling languages as well as all aspects of model similarity that have been introduced so far in the literature: node matching, structural and behavioral similarity. The selected measure works for the Business Process Modeling Notation (BPMN), the language which was used by the organizations where we conducted the study. In the following we describe the 3 aspects of model similarity.
Node matching tries to map nodes from the one model to nodes of the other model by comparing the labels, attributes and types of nodes. Types in BPMN are task, start event, end event, parallel gateway, exclusive gateway and so on. Attributes are the swim lanes where the nodes are located, for example, and labels are the names of e.g. activities ("Send invoice").
Node matching can be effected with semantic or syntactic measures. The latter is based on the string-edit distance, i.e. the number of letters that need to be added, replaced or deleted to transform the label of an activity in one model to that of an activity in the other model. It is useful in the case of spelling mistakes as it is able to identify two words where one is spelled wrong (e.g. confirmation and confrimation), whereas semantic measures consider that as a 0% match. But syntactic measures will also (wrongly) identify words with similar spellings but different meanings, such as e.g. plane and plate.
To avoid such misclassifications we have decided to drop syntactic measures in favor of semantic matching. To ensure that wrong spellings do not introduce faulty mismatches we have spell-checked all models manually.
Semantic matching is based on a database of synonyms. We have used Wordnet for this purpose which is freely available online and contains 147,278 unique words. It will identify labels and attributes with similar meanings (e.g. "Send invoice" and "Send bill"), which is exactly our purpose as participants in modeling sessions often phrase the same activity in different terms.
Based on the node matching the two graphs can be compared now with the help of structural or behavioral similarity. The former uses only structural information on the graph, i.e. the way in which activities are connected with "arrows" but does not look at their meaning in terms of control flow. Two models are considered structurally equivalent if two nodes are always connected in the same way in one model as their matching counterparts in the other.
Behavioral equivalence looks at the actual execution of the processes described by the models, e.g. bisimulation equivalence. Here two models are considered equivalent if, at any time during process execution, an activity that can be performed in one process can also be performed in the other, and vice versa.
One would expect the latter measure to give a more realistic and reliable account of the similarity of process models as it considers actual behavior. But [24] found that the structural measure performs equally well, i.e. it correctly identifies behaviorally similar and dissimilar processes without looking at behavior. This is perhaps not surprising as the behavior of a process is largely determined by the structure of the control flow graph and the semantics of the gateways whose similarity is checked on the node level already, and both are accounted for in the structural measure, too.
As structural similarity is equally accurate but computationally more advantageous we have used it in our study. It is based on the concept of graph-edit distance, i.e. the number of nodes and edges that need to be added, replaced, or deleted in order to turn one model into the other.
The overall similarity measure is the inverse of the number of edit steps in relation to the graph size where nodes are matched by type and semantic similarity of their labels and attributes. It is a number that ranges from 0 to 1 where 0 refers to two process models that have nothing in common and 1 to a perfect match.
More details on the used algorithms can be found in the section Comparing model similarity and consensus in field experiments.
Other Group Consensus Measures
Group consensus is considered as an important outcome of a group process and as a consequence there is a large body of literature that provides measurements for it. The majority of these publications are in the area of decision-making where consensus is usually defined as the mutual agreement of decision-makers' preferences concerning a number of decision alternatives. Preferences can be binary, i.e. an alternative is either preferred or not, or linguistic (qualitative), i.e. the preference values are labeled "none", "very low", "low", "medium", "high", "very high", and "perfect". In addition the membership in a category can be strict, i.e. in exactly one category, or fuzzy, i.e. to a certain extent [0…1] in several categories.
It is common to all these approaches that they require both explicit alternatives and preferences. These measures do therefore not easily carry over to modeling where the decision alternatives are rather implicit.
In our search for a suitable and established measure of consensus in business process modeling we have therefore turned our attention to another stream of research where group consensus is viewed in terms of solution satisfaction [27] [28] [29] [30] [31] [32] .
The purpose of business process modeling is to find a solution either to the problem of accurately representing an existing process, the knowledge about which is distributed over a number of domain experts (AS-IS modeling), or to the problem of creating a new process that overcomes problems of the old one or provides new products or services (TO-BE modeling).
A modeling group exhibits consensus if they are satisfied with the solution that was generated in the modeling session. Solution satisfaction is therefore a suitable measure of group consensus in the context of business process modeling.
We used the measure described in [33] for group decision processes that uses five items rated on a 5-point Likert scale with the anchors "Not at all", "To a little extent", "To some extent", "To a great extent", and "To a very great extent". The items run: Using a measure for group decision processes in modeling is appropriate because the group modeling process can be conceptualized as a process where decisions on the development of the model are negotiated [34] . Moreover, the measure has been validated by its authors. The group consensus measure is also a self-reported measure and therefore suited for comparison with the model similarity measure, which is based on observation. This means that we can compare the agreement as perceived by the participants with the actual agreements of their views as "objectively" measured according to the previous section.
Comparing Model Similarity and Consensus in Field Experiments
We set up field experiments to test the validity of business process model similarity as a proxy for group consensus in process modeling. For this purpose we asked members of process modeling groups to draw up a model of the business process after the modeling session. Participants had to prepare the after models without access to the group model. In half of the cases the after model was done immediately after the session, in the other half one week later to control for group model bias (see section Data analysis).
We also varied the order of drawing the after models and applying the consensus measure. In both cases, immediate and one week later, half of the participants were drawing the models after and half of them before the consensus measure was applied. Again a more detailed discussion can be found in the Data analysis section.
Each after model was compared to the group model by computing the business process model similarity measure introduced in section Group consensus in process modeling. The formulae we used are (all from [24] ):
•
The similarity of two nodes n 1 and n 2 is defined as (τ = type of node):
We also asked participants to fill in the questionnaire related to group consensus. Participants had to rate the five questions with respect to the final model that was adopted by the group. For this purpose they were shown the group model to facilitate the answering of the questions.
We conducted three half-day modeling workshops at each of the following five organizations: the insurance branch of a large bank, an IT solution provider in the automobile industry, a psychiatric hospital, a bio-engineering laboratory, and a city administration. All workshops revolved around the development of a TO-BE model for a business process or a substantial part of it.
In total we conducted 15 modeling sessions with 6-12 group members and a total of 122 participants.
Data Analysis
In order to assess whether business process model similarity is an acceptable proxy for consensus on the group model we compared the consensus measure to the model similarity measure. We assumed that agreement with the group model is a result of the agreement of an individual's view on the process with the group process model and that the individual view is accurately represented in the externalization of this view as manifested in the visualization created by this individual (the after model). If this assumption is true then we should see a high correlation between the items C1 to C5 of the self-reported consensus measure and the similarity degree objectively measured between the after model and the group model.
We have first subjected the data to a Kolmorov-Smirnov test which was significant on the 1% level for all six variables (C1-C5 and Similarity). We can therefore assume a normal distribution of the data and make use of parametric correlation analysis based on bivariate Pearson correlation coefficients.
The results of the correlation analysis are shown in Table 1 . All correlations are significant on the 1% level. On a side note it should be mentioned that the inter-item correlations are also both significant and strong for all item pairs which provides some further validation of the consensus instrument.
The coefficients are reasonably high which confirms that the self-reported level of consensus (individual agreement with the group result) is indeed closely linked to the agreement of the individual view on the process and the group view as measured by the similarity between the individual model and the group model.
A potential threat to validity might be that the knowledge about the group model might have influenced people in drawing the after models. This phenomenon is called "group thinking" and people exhibit this behavior to conform to group pressure either knowingly or unknowingly.
We took three measures to counteract this possible bias. First we told participants explicitly that the model they draw should reflect their own ideas about a good TO-BE model. We warned them not to try and copy the group model, or what they remembered of it.
A second measure was that we asked people in half of the sessions to draw their diagram a week after the session so that the chances of remembering the group model were quite low. Table 2 shows the correlations and Table 3 the averages and standard deviations in both cases. The correlations are slightly higher for all items except C3 when measurements are made immediately after the sessions. This means that the link between similarity and consensus is stronger in the beginning and weakens over time. An explanation can be found in the increased standard deviations, especially in the case of similarity, that indicate a greater variety in the data that was measured after one week. This shows that time did indeed have an impact on memory as the drawing used for the similarity measure requires an accurate recall of the view on the business process.
The consensus values have decreased by only 11% on average but the similarity values have gone down by 22%. This means that people can apparently remember the level of agreement that was achieved better than the details of the models, both their own and that of the group.
Another bias could be the fact that the group model is shown to the participants to facilitate the answering of the consensus questions. If the drawing is done after the consensus measure is applied, they might use parts of the recently seen group model in their own drawing.
To see whether this is the case we have let people do the drawing both before and after the consensus measure. This is the third measure we used to control for group thinking bias. Table 4 shows the results. Group thinking is clearly not at play here as it would have increased the similarity values in the groups that did the consensus measure before the drawing because they might have used some information from the group model shown during questioning in the drawing.
On the other side, the consensus values are lower in the groups that answered the consensus questions after the drawing. This is probably due to the fact that they had better knowledge of their own view after expressing it explicitly in a model and could therefore remember more distinctions between their own view and the group model.
Discussion
The fact that there is a strong correlation between the similarity measure and all items of the consensus measure shows that the perceived agreement with the group model is closely related to the degree in which the group model coincides with the individual perception of the process. Note that all process models were TO-BE models so agreement is much harder to achieve than in AS-IS modeling because different personal interests are at stake. As a consequence the average consensus value was not very high after only one half-day session with an average 3 on the 1-5 Likert scale and 0.49 on model similarity.
But nevertheless the correlation was strong both in the case of little consensus and in the case of good consensus. The maximum consensus was a 4.6 on the Likert scale and 0.89 on similarity, the minimum 1.6 and 0.08, respectively.
As a consequence of our results business process model similarity is a valid proxy for measuring individual agreement with the group result in business modeling of processes. The similarity measure can also be extended to capture the overall group consensus.
For this purpose it is useful to know that model similarity is actually measured as the inverse of model distance, i.e. the effort required to turn one model into the other. If we have n models that reflect the views of n group members we first compute all pairwise distances and then determine the model M j with the lowest sum of incident distances. The effort to turn all other models into this one is the lowest possible effort to make all models agree. It can be calculated as:
The similarity is then just the distance subtracted from one. This measure delivers a number between zero and one for any number of models and can be seen as the overall similarity between them, i.e. the inverse of the minimum effort required to make all the models equal.
This figure also tells us how far or close the individual views are from each other and is therefore a measure of the group consensus. Please observe that this measure does not require a group model and can therefore be used at any stage of modeling. This is important as consensus can otherwise only be measured after a group model is available.
To use model similarity as a proxy for consensus also has the advantage that it can be measured in a much more objective manner. Other consensus measures have to rely on self-reported perceptions whose measurement is notoriously subjective and inexact.
Model similarity, on the other hand, is an exact measure that accurately portrays in how far the view of an individual as expressed in the individual model, really agrees with the group model, or in how far the group members' views agree with each other. The only drawback is that the drawing of a model takes more time than the answering of a few questions.
But this disadvantage becomes obsolete when modeling is done in a collaborative way where individual models are produced as a by-product. This form of modeling is increasingly becoming the rule as can be seen in the growing number of publications that advocate collaborative modeling, participatory modeling, or end-user modeling [35] [36] [37] [38] . In these scenarios the participants in group modeling take on an active role in model creation.
They draw models themselves, e.g. with the help of a computerized tool and the models, or rather proposals are then viewed and commented by other group members which leads to revisions of these proposals and hence a second round of drawing. This process is not only a revision process but also a collective learning process [39] where participants learn to understand others' views and adapt their own views accordingly.
But beyond this modeling is also a negotiation process [34] where individuals have to make concessions to move towards an agreement. In collaborative modeling they can do so by incorporating features that are of interest to others into their proposals thereby making them more attractive and acceptable for others.
Over time initially different proposals will converge and a consensus group model will emerge. In the meantime the similarity between the proposals at each stage of model development will give us a precise understanding of the level of consensus that has already been achieved without the necessity for instruments that require additional inputs from the participants and that rely on perceptions only.
Each modeling session can be evaluated by comparing the similarity of models before and after the session to see whether consensus has been increased during the session. Model similarity can also be used as a tool of modeling project management by specifying a minimum consensus level that is required. A modeling project is only considered closed after this level has been reached. This makes sense because the success of follow-up projects often depends on the achievement of a satisfactory level of agreement in modeling.
If a session cannot increase consensus the facilitator can use conflict resolution techniques to resolve the issues before proceeding with the constructive part of the modeling session. Similarity measures can hence also be used to detect situations of serious conflict and guide session management.
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Conclusion and Outlook
We have suggested the use of business process model similarity as a proxy for group consensus in business process modeling. We have shown that this proxy is a reliable measure of group consensus as compared to an established self-reported consensus measure. The proxy is also a more objective and accurate measure and has therefore the potential to outperform self-reported measures because it eliminates the group thinking bias usually associated with self-reported measures of group performance. It does also not rely on the existence of a group model and can therefore be used at any stage in the modeling process. The scenarios for using this proxy are manifold and the Discussion section has shown some of them: evaluation of modeling session performance, modeling project management, conflict detection, and so on. But the real advantage lies in integrating this measure into new methods for collaborative business process modeling where the progress towards a consensus model can actually be measured and controlled.
This will allow us to organize modeling in such a way that the steps in the method really lead to an improvement in consensus so that the success of modeling sessions can actually be planned. Because of the collaborative nature of these sessions, the individual group members, or perhaps small teams, will generate model proposals anyway so that additional drawing of models (as in our experiments) will no longer be necessary.
A continuous assessment of the status quo can therefore be made at any time in the modeling project as the computation of model similarity can be done automatically once the views of individuals or teams are available as models. An evaluation of the similarity between views on the business process can hence be the driver for the whole modeling effort.
This opens up possibilities for developing a new range of consensus-driven, or consensus-oriented business process modeling methods and supporting tools for the creation, maintenance, review, revision, and integration of model proposals and their convergence to a consensus model for the group.
Beyond this the further evolution of the model after implementation can also be supported in a consensus-oriented and decentralized way.
While all this is still hypothetical the assessment and control of consensus in business process modeling is a relevant issue already today. We believe that the measurement of consensus in an objective way is an important key to solving the consensus-related issues in process modeling.
